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Abstract 
In this study, a non-resonant configuration of ultrasonic levitation device is presented, which is formed by a small diameter 
ultrasonic transducer and a concave reflector. The influence of different levitator parameters on the levitation performance is 
investigated by using a numerical model that combines the Gor`kov theory with a matrix method based on the Rayleigh integral. 
In contrast with traditional acoustic levitators, the non-resonant ultrasonic levitation device allows the separation distance 
between the transducer and the reflector to be adjusted continually, without requiring the separation distance to be set to a 
multiple of half-wavelength. It is also demonstrated, both numerically and experimentally, that the levitating particle can be 
manipulated by maintaining the transducer in a fixed position in space and moving the reflector in respect to the transducer. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 2015 ICU Metz. 
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1. Introduction 
Acoustic levitation is a technique to suspend solid particles or liquid drops in air through the acoustic radiation 
force (Brandt, 2001). This technique is not only fascinating, but has also many potential applications in biology 
(Scheeline and Behrens, 2012), analytical chemistry (Santesson and Nilsson, 2004) and material sciences (Trinh, 
1985). Until the last years, acoustic levitation has been applied exclusively to suspend matter in air, but new 
 
 
* Corresponding author. Tel.: +55-11-3091-7068. 
E-mail address: marcobrizzotti@gmail.com 
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ICU 2015
 Marco A.B. Andrade et al. /  Physics Procedia  70 ( 2015 )  68 – 71 69
advances in acoustic levitation (Koyama and Nakamura, 2010, Foresti et al., 2013, Hoshi et al., 2014) also allow the 
manipulation of small particles, which can significantly increase the applicability of the technique. 
A typical acoustic levitator, called single-axis, is a resonant device and basically consists of an ultrasonic 
transducer and a reflector (Field and Scheeline, 2007, Trinh, 1985). When the separation distance between the 
transducer and the reflector is adjusted to a multiple of half-wavelength, a standing wave field is established, 
allowing the levitation of small particles at the pressure nodes of the standing wave. If this distance is adjusted 
outside the resonance, the multiple reflections are summed incoherently, reducing the pressure amplitude. In this 
condition, the levitating particle cannot be sustained by the acoustic radiation force.  
Recently, we developed a non-resonant ultrasonic levitator (Andrade et al., 2015) based on the levitation concept 
proposed by Rey (1981). The non-resonant ultrasonic levitation device consists of a small diameter transducer and a 
concave reflector. In this paper, a numerical analysis is performed to investigate the influence of different geometric 
parameters on the levitation capability of the non-resonant levitation device. The numerical model combines a 
matrix method based on the Rayleigh integral (Andrade et al., 2011) with the Gor’kov equation (Gor’kov, 1962), 
which is used to determine the potential of the acoustic radiation force that acts on a small sphere.  
2. Numerical determination of the potential of the acoustic radiation force that acts on a small sphere 
The non-resonant ultrasonic levitation device is illustrated in Fig. 1 and it is formed by a 23.7 kHz Langevin type 
ultrasonic transducer with a radiating face of 10 mm diameter and a 40 mm diameter concave reflector with a 
curvature radius of 33 mm. The reflector is separated from the transducer by a distance d, it can be displaced off-
axis by a distance L and it can be tilted by an angle θ. The velocity amplitude of the transducer face is denoted by v0. 
 
 
Fig. 1. Geometry of the non-resonant ultrasonic levitation device. 
The potential of the acoustic radiation force that acts on a small sphere is determined numerically by using the 
Gor’kov equation (Gor’kov, 1962). This equation requires the knowledge of the acoustic pressure distribution p and 
the velocity distribution u. Both pressure and velocity distributions are determined numerically by a matrix method 
based on the Rayleigh integral (Andrade et al., 2011, Stindt et al., 2014). In this method, the transducer face and the 
reflector concave surface is discretized in a series of point sources, with each source emitting a spherical wave. The 
acoustic pressure and the velocity distributions in the air gap between the transducer and the reflector are calculated 
by summing the multiple wave reflections between the transducer and the reflector. The pressure and velocity 
distributions obtained by the matrix method are replaced in the Gor’kov equation in order to obtain the potential of 
the acoustic radiation force that acts on a small sphere. The Gor`kov potential is denoted by U and it is given by 
(Gor’kov, 1962):  
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where R is the sphere radius, ρ is the air density, c is the sound velocity in air, and 2p  and uu ⋅  are the time 
average of the pressure and velocity squared, respectively. In this paper, the dimensionless form of the Gor’kov 
potential is considered, which is given by 20
32~ vRUU ρπ= .  
3. Results and discussion 
The acoustic pressure distribution in the air gap between the transducer and the reflector was determined 
numerically by using the matrix method. The simulations were performed by assuming a sound velocity in air of 
340 m/s and an air density of 1.2 kg/m3. In the simulations it was assumed N = 10 multiple reflections between the 
transducer and the concave reflector. The pressure and velocity distributions determined by the matrix method were 
replaced in Eq. (1) to calculate the potential of the acoustic radiation force that acts on a small sphere. The 
comparison between the dimensionless Gor’kov potential with the levitation position of small expanded polystyrene 
particles is presented in Figs. 2(a) and 2(b). As it can be observed in these figures, there is good agreement between 
the particles levitation positions with the positions of minimum Gor’kov potential. 
The matrix method was also applied to investigate how the dimensionless Gor’kov potential U~  varies with the 
separation distance between the transducer and the reflector. In this study, the parameters L and θ were kept constant 
at L = 0 and θ = 0 and only the distance d was varied. Figure 2(c) shows the dependence of the Gor’kov potential U~  
with z and d. The potential shown in Fig. 2(c) was determined along the z-axis. Figure 2(c) shows that for d < 50 
mm, the levitator presents a resonant behavior, because there are peaks at separation distances corresponding to 
multiples of half wavelength. The peaks are caused by the constructive interference between the multiple wave 
reflections that occur between the transducer and the reflector. For d > 50 mm, the high-order reflections have small 
influence on the standing wave and the levitator becomes non-resonant. Figure 2(c) also shows that the distance 
between the reflector and the positions of minimum Gor’kov potential remains almost constant with d. This means 
that the levitated particles remain at a fixed position in relation to the reflector. In this case the levitating particles 
can be manipulated by maintaining the transducer at a fixed position and translating the reflector in relation to the 
transducer. 
 
Fig. 2. Comparison between the levitation position of small particles (a) with the numerical Gor’kov potential (b) for d = 62 mm, L = 0 and θ = 0. 
Figure (c) presents the numerical Gor`kov potential along the levitator main axis as a function of d for L = 0 and θ = 0.  
The influence of tilting the reflector by an angle θ and displacing the reflector off-axis by a distance L was also 
investigated by using the matrix method. The potential wells of Fig. 3(a) and 3(b) show that the reflector can be 
tilted and displaced off-axis, withough reducing significantly the acoustic radiation forces that acts on the levitated 
particles. 
According to the numerical simulations, the values of d, L and θ can be modified without reducing significantly 
the levitation performance. To verify the numerical model, a single-axis acoustic levitator was used in the acoustic 
levitation of small expanded polystyrene particles. In the experiments, the reflector was moved up and down, tilted 
by small angles and displaced off-axis. In all the cases, it was verified that levitating particle can be manipulated by 
moving the reflector in relation to the transducer. A picture of the acoustic levitation of two small expanded 
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polystyrene particle is presented in Fig. 3(c). This figure shows that the reflector can be moved by hand without 
requiring the reflector to be precisely adjusted to a distance of multiple half-wavelength from the transducer. 
 
 
Fig. 3. Simulated Gor’kov pontential: (a) d = 50 mm, L = 10 mm, θ = 20o; (b) d = 50 mm, L = 0, θ = 10o; and acoustic levitation of two expanded 
polystyrene spheres (c). 
4. Conclusions 
A matrix model based on the Rayleigh integral was applied to investigate how different levitation parameters 
affect the levitation capabilities of a non-resonant acoustic levitation device. The numerical results shows that the 
acoustic radiation force that acts on the levitated particles does not change considerably when the distance between 
the transducer and the reflector is varied from d = 50 mm to d = 100 mm. It was also verified that the reflector can 
be adjusted off-axis and tilted, and yet still the levitation occurs. It was also demonstrated experimentally that the 
levitating particle can be manipulated by maintaining the transducer at a fixed position and moving the reflector in 
relation to the transducer. The presented levitator can be considered as a simple alternative for the noncontact 
manipulation of small particles. 
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